Introduction
Growth is periodical with respect to time and is supposed to be under environmental influences.
At cellular level, the pattern of meristematic mitotic activity is the apparent index of growth and its fluctuations.
The mitotic activity fluctuates within the day itself just as the changes in the environmental conditions.
Earlier references on the diurnal mitotic periodicity in root meristems include those of Lewis (1901) , Kellicatt (1904) , Laughlin (1919) , Friesner (1920 and the references cited there), Stalfelt (1921) , Jensen and Kavaljian (1958) and Sarma and Anand (1966) . The effect of temperature on the cell division in pea roots was studied by Brown (1951) and Thomson (1954) . The latter has studied the same on Oat also. The present paper aims to present the effects of low temperature on the diurnal mitotic periodicity in the root meristems of Ephedra foliata, a local lianous gymnosperm. 
Materials and methods

Observations
General mitotic activity
Under normal conditions of temperature and light the number of mitoses is negligible only at two periods, i.e. (1) 10-12 A.M and (2) 8-12 P.M. On the average the cell number per roottip is found to be 5079 and of dividing cells, 200. The mean mitotic index has been calculated to be 3.94. The detailed description of the normal mitotic pattern may be found elsewhere (Sarma and Anand 1966) . Higher prophase index with corresponding low index of telophases indicate the beginning of a mitotic cycle. The division pattern in the normally grown root tips is highly rhythmical (Table 2 and Fig. 2 ). There are on the whole two waves.
The duration of the first wave is 9 hours (1-9 A.M.) and of the second, wave 7 hours (1-7 P.M.). Intervening them are the preparatory periods. The first wave consists of 3 cycles (1. 2 and 3), and the second, 2 cycles (4 and 5). The first cycle takes only 2 hours where as the succeeding ones take 3 and 4 hours respectively before the first preparatory period of 3 hours (10-12 A.M.) sets in. The fourth cycle then starting is completed within 3 hours and the last one within 4 hours followed by the second preparatory period of 5 hours duration (8-12 P.M.). The rhythmicity of divisions appear to be slightly disturbed in the cold grown root tips. The most striking feature is the absence of preparatory periods though there is a slight period of one hour similar to them (8.0-9.0 P .M.), when the prophases are nil. Besides, the prophases are very few at 2 A .M., and 11 A.M. and telophases, at 2 P.M. and 11 P.M. Six mitotic cycles can be distinguished in the root tips subjected to cold treatment.
They The average total number of cells of a normally grown root tip is more than those of cold-grown ones. However, the average number of mitoses and thus the mitotic index are higher in the latter. Thus the low mitotic index is correlated with high cell number and vice versa ( Table 1 ) . The length of the studied root tips is constant. Hence , the above conditions can be explained only by considering the aspect of growth. It is likely that low temperature treat ment initially accelerates the cell elongation than cell division. Later the trend Environmental Control of Mitosis in the Roots of E phedra foliata I 115 may have reversed which alone appears to explain the less cell number and high mitotic index. Brumfield (1942) observed that the process of division is not likely to influence the rate of elongation in the root tips of Phleum pratense. But Jensen and Kavaljian (1958) share a contrary opinion. And it appears that the above differential activity is due to fluctuations in the alternation of division and growth phases of the cells caused by the external influence.
Peak-fall trend of mitoses
Peaks of mitotic activity have been reported normally grown roots of Allium cepa (Lewis 1901 , Kellicott 1904 , Laughlin 1919 , Friesner 1920 , Jensen and Kavaljian 1958 , Vicia faba (Karsten 1915 , Friesner 1920 , Zea mays (Karsten 1915) , Zea averta, Pisum sativum, Cucurbita pepo, Lupinus albus, Allium canadense and Allium cernuum (Freisner 1920) . But the mitotic indices of the normally grown roots of the present material are almost diurnally uniform, interrupted only by periods of minimal mitotic activity, called pre paratory periods (Sarma and Anand 1966) .
The pattern of mitoses of the cold-grown roots is highly rhythmical (Fig. 1) with alternating peaks and falls in their number. The disruption of the preparatory periods, so striking in the normal roots, and the occurrence of six peaks instead of none under normal conditions are points to note. Possibly, the occurrence of peaks is due to the disruption of preparatory periods. The steepest falls occur exactly at those times (11.0 A.M. and 8.0-9.0 P.M.) which form parts of preparatory periods in the normally grown roots. The period 8.0-9.0 P.M. may be considered a "preparatory period", because it is the beginning or the completion of prophase that onsets or offsets the division, although telophases too occur. Such a character of the period along with steep lows is an indication of the synthetic processes continuing through out. Since all chemical reactions are temperature-sensitive (Fogg 1963) , the synthetic activities upon which the division rhythms depend should also be affected by cold. This explains the partial cessation of preparatory periods, larger number of mitoses and the rhythms. That the effects of low temperature on the various chemical reactions of the synthetic process are highly differential, is deducible from the occurrence of such steep peaks and lows even under constant environment, as in the present case.
It is observable that the prophases and telophases, especially the latter do not follow the strictly rhythmical pattern during the first and second cycles as compared to the same in the rest.
Rhythmicity and preparatory period
Mitoses are randomly distributed in time because in their cyclic activities cells are independent units. Further, the phasic cycles of mitoses appear totally independent of the peak-fall trend in the mitotic indices ( Figs. 1 and 2 ). Under normal conditions where no such trend is known 5 cycles are distinguished. Similarly the cold grown root tips, with 4 peaks of mitotic activity, exhibit 6 mitotic cycles. It is obvious that the cyclosity of mitotic events continue irrespective of the frequency of mitoses.
The two preparatory periods in the normal roots seem to serve the purpose of nuclear growth which is phasic (Taylor 1961) . Then the overall cyclic pattern may be due to this. A disturbance of this pattern under low temper ature should then be due to shifting of nuclear growth from this period.
Duration of division
The continuance of other phases inspite of the total absence of prophases and the lack of complementary steepness in the prophase and telophase indices indicate the lengthening of the mitotic process. It is not very clear whether this apparent extension of division duration is an effect of the changed environ ment or merely due to the overlapping of the remnant phases of the preceding cycle and the onset phases of the incumbent cycle. Probably, the former explanation is more plausible because the environment acts as a prolonged shock.
Summary
The division patterns round the clock have been determined for the root tips of Ephedra foliata under normal and continuous cold conditions . The mitotic frequency is generally uniform in the normal material whereas the cold grown material shows peaks and falls. 5 mitotic cycles falling into two waves alter nated by preparatory periods have been distinguished in the normal material . This pattern was disturbed under low temperature treatment where six mitotic cycles are found and with no definite preparatory period. It was thought that all the variations are due to the effect of the changed environment on the preparatory period, primarily.
